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PURPCSE AND BACKGROUND

A. PURPOSE

In its report to Congress about the dangers of air pollution
the National Acadeny of Sciences (NAS (1975) estimted that

acid rain caused about 1/2 billion dollars of damage each year
or about 30 dollars per ton of sulfur emtted. Since the NAS
study has been published, increasing danmage to ecosystens in

the Adirondeck Muntains and Scandinavia have been attributed
to acid rain. Wth our increasing dependence on burning coa

and the subsequent probable decrease or at best nmaintenance of

air quality, there remains |lingering doubts about whether acid
rain will Ilead to unbearable danage of our ecosystem One of
the nost inportant conponents of that ecosystem is Anmerican
agriculture. WIl continued Ilevels of air pollution jeopardize
our 90 billion dollar farm industry?

In order to conprehend the agricultural risk of current Ilevels of

air pollution, we need to know how dangerous pollution is to farm

yi el ds. Most of the current know edge about crop dose-response
curves conmes from experinents. There are two basic types of
experinments available to researchers: 1) controlled and 2) nat-
ural . Obvi ously, the extent to which one controls the environ-
ment is a continuous variable so that, in practice, all experi-
ments are a conbination of each type. However, for expositional
purposes, it is helpful to distinguish between each approach for

each has its strengths and shortcom ngs.

The <controlled experinental approach runs deep in the natura

sci ences. The concept is to control all differences anbng groups
of observations except the treatnent variable one is trying to
conpr ehend. All of the differences in behavior across the groups
is then attributed to the treatnent variable. The nore care-
fully unwanted variation is kept random across the groups, the



nore unbiased the resulting dose-response curve.

Natural experinments seek to learn information from wvariations
in nature which are unplanned. Like the planned experinents,
one tries to identify groups which receive different treat-
nment | evels. Because other disturbances nmay frequently coin-
cide with the treatnent variable, it is also necessary to take
statistical precautions to separate desirable from wundesirable
effects. One of these precautions is to choose a sanple where
variation of +the treatnment variable is great and unwanted var-
iations are snmall and random The second precaution is to
analyze the data wth nultivariate statistical techniques which
permt sone of the wvariation across groups to be attributed to
variables other than the treatnent variable.

The nore carefully wuncontrolled variation is accounted for, the
nore accurate the results. The nmore unwanted variation is Kkept
random across treatnment groups, the nore unbiased the resulting
dose-response curves. Thus, the goals of wunplanned and planned
experiments are simlar, they just wuse different techniques.

The strengths and weaknesses of planned versus unplanned experi-
ments vary with the situation. If unwanted wvariables coincide
with the treatnment variables in nature, unplanned experinents
Wil | generally have difficulty determning precise unbiased
dose-response curves. If the natural environnments are conplex
with nultiple causes and effects, the natural experinents nmay

be unbiased but they wll not be accurate.
The natural experinents are not wthout difficulties. However,
the planned experiments are not always superior. If the natural

environnent is conplex, the planned experinment nmay give accurate
dose-response curves in one situation but these results nmay not
be generalizeable. If the response to treatnents in the rele-
vant range are small, size of the experimental groups may



need to be |arge. Carefully planned experinments are often pro-
hibitively expensive wth large populations.

The planned experinments are consequently performed in either
poorly controlled settings or at extraordinary treatnment |evels.
Wth poorly controlled settings, one rapidly approaches a nat-
ural experinent. Wth extraordinarily high treatnment |evels,

it is possible to identify dose-response functions but they
relate to treatnment levels of no practical inportance. Thus,

in general, the unplanned experinments give uncertain results

of relevant effects whereas the planned experinents give nore
certain results of less relevant effects.

The fraction of the acid rain literature concerned wth agricul-
tural crops is predomnantly planned experinents. Whereas the
results of these studies conbats our ignorance about acid rain,
the absence of natural experinentation with acid rain is unfor-
t unat e. Pl anned experiments sinply cannot sinulate the variety
of environnments crops are grown under. Thus, the results of

the planned studies nay not be generalizeable to vast croplands.
The levels of acid rain in nost parts of the country are nodest
inplying the agricultural responses wll be subtle. Agai n,

pl anned experiments are rarely perforned wth population sizes
large enough to detect snall effects. Finally, planned experi-
ments unfortunately frequently fail to neasure the nost relevant
response of agricultural crops to pollution, how does acid rain
effect the value of vyield per acre?

I nstead, scientists look for more sensitive neasures of effect
such as photosynthesis rates or sulfur absorption rates. Al-
though these sensitive responses permt snaller sanples (naking
the experinments cheaper) and provide helpful clues to the

causal nmechanism of final effects, these biological responses

give virtually no indication of the econonic magnitude of the



damage acid rain my cause. Pl anned experinments are hel pful

in the pursuit of understanding acid rain. However, planned
experinmentation is not «clearly the nost helpful nethod of deter-
mning the best inmediate policies towards acid rain. There is

clearly a need to study the effect of acid rain on major agric-

ultural crops wusing a natural experinmental nethod.

The central purpose of this study is to examine the effects of
air pollution and acid rain on tw mmjor United States crops:
corn and soybeans. W are specifically attenpting to estimte
the economic danage to an acre of either of these two crops

due to exposure from sulfur dioxide and acid rain.

The approach used in this study is a natural experinental nethod.
A site has been chosen where groups are exposed to varying but
realistic treatnent l|evels of both pollutant neasures. The site
was chosen carefully to mnimze the confounding influences of
other factors comopnly spatially associated wth air pollution.

A nultivariate statistical analysis is perforned using the avail-
able data at the site to isolate the effects of acid rain on
cropland vyield variations.

A secondary benefit of this exploratory analysis of natural
experinments is an identification of available data sources, neth-
odl ogi cal probl ems, and recommendations for future research. In
the course of the study, various sources of data were exam ned,
some of which proved fruitful and others of which could not be
used. How the data should be collected, which data seens nost

i mportant, and what statistical techni ques are appropriate is

al so discussed. Finally, recommendations are nmade for areas where

the natural experinmental approach is prom sing.

The studies which are reviewed in the following section are
generally planned research where either |aboratory or field

exposures of plants are carried out. The nore recent of these



studies generally utilize realistic doses in accordance wth
nat ur al condi tions.

B. REVI EW OF RELEVANT LI TERATURE

Acidic pollution has been found to be a wdespread phenonenon
which is present throughout the United States. A network of
stations set up by EPA to nonitor acid rain indicates that many
areas stretching from California to New England experience rain-
fall with a pH below 5.0. There are also probably high Ilevels

of dry deposition of acid pollutants in nany areas, although

this has been less well neasured. In the area around Sioux
City, lowa, where this case study was conducted, background
levels are known to be roughly pH 5.0 for rainfall, indicating
that wunder natural conditions, the area is on the border of
significant acidity but is not yet highly acid. | ndi vi dual

sources such as power plants, however, may affect the acidity
on a nore localized basis, especially given the background
acidity. This provides a notive for analysis of the conposi-
tion, air and soil transport pathways and effects of acidic
pollution known from previous research.

1. Conposition

Al though power plant plumes and other air pollution sources con-
tain nunerous chemical conpounds (Hulett et. al. 1980, Evens _et.
al. 1980) the bulk of acidic pollution of interest to scientists
is derived from chenical species related to oxides of sulfur and
ni trogen. Specifically, sulfur dioxide and nitrogen dioxide have
received the nost study (Wtten et. _al. 1981, Chang et. _al. 1980)
probably due to the availability of wdespread nonitoring data and
ease of neasurenents. In recent years, however, it has becone
clear that oxidized fornms of these pollutants, sulfates and ni-

trates (HSO4 s HNO3-, etc.) may cause nore damage than the unoxi-

dized forns, or nmay at least work through differing nechanisns.



Thus conposition and distribution of sulfates and nitrates is
now being studied by EPA and others (Atshuller 1973, 1980,

Brezonik et. al. 1980, Honolya and Lanbert 1981, Wtz and Uendt
1981) .

The term "acid rain" has come into wdespread use as an indi-
cator of acidic pollutants present in the atnosphere which nay
be transported over long distances. The term grew out of pio-
neering studies overseas (Swedish Royal Mnistry of Foreign
Affairs 1972) and in this country (Likens and Borman 1974) which
focused on wet deposition and consequent effects on aquatic and
forest ecosystens. The term "acid rain" 1is, however, sonmewhat

a msnomer, or at least msleading since it focuses only on wet
deposition (Kerr 1981). In fact, both wet and dry deposition
may be of inportance in assessing air pollution effects (Mendel-
sohn 1979), especially in plants where the uptake nechanisns of
air pollutants may take nore than one form (Shea 1977). Acidity
of rainfall as neasured by pH is therefore only an indicator of
the fact that the falling precipitation has swept through an

at nosphere containing ionized sulfur and nitrogen oxides which

contribute hydrogen ions and therefore acidity prior to deposi-
tion.

The relative ratios of sulfur and nitrogen conpounds in acid
precipitation has not been well studied except in a few specific
geogr aphi cal ar eas. Research at EPA's Corvallis (Oregon) Environ-
nmental Research Laboratory have found that a 2:1 mxture of sul-
furic and nitric acid (to form sulfates and nitrates) gives a
fairly accurate representation of npbst anbient acid rain in the
United States (Lee and Neely 1981).

2. Met eorol ogy and Transport Mechani sns

Studies of acid rain throughout the world have shown that |ong

range transport nechanisns exist which are effective at distances



of several hundred kiloneters or nore (Fisher 1975, Brezonik et.
al. 1980, Pack 1980). Such transport causes increased acidity
across |arge geographic areas. Since these large areas differ
drastically in <climte, they do not provide a useable basis for
prediction of effects based on variation wthin a natural en-
vironment, the approach used by this study. Wthin a distance
of 100-150 Kkilonmeters (or wthin 100 mles), however, pollutant
desposition from a single source are governed by local neteor-
ol ogy. For single sources, dispersion nodels are wdely used
to determne atnospheric transport of pollutants (Wtten 1981).
Al though many conplex dispersion nodels exist (Ellis et. _al.
1980), these are nobst applicable to areas wth conplex terrain,
in shoreline areas, or areas of high atnospheric instability.

In regions of consistent winds and snooth terrain, the Gaussian
Plune Model provides a sinple but efficient analyical nethod
(Geen et. al. 1980). Such a nodel has been used for the pre-

sent case study.

The physics and chenmistry of power plants plunes have been ex-
plored at several power plants in the eastern United States,
usually through wuse of aircraft or renbte sensing (Uthe et. _al.
1980, Davis et. al. 1979). It has been found that the vertica
location and internal structure of plunes vary depending on

weat her conditions (relative humidity, etc.) and tine of day
(Uthe et. al. 1980). Chemically, it has been found that sul-
fur-sulfate conversion occurs wthin the plune although sone
researchers concluded that conversion occurs quickly wthin a
few kilonmeters of the plant (Forrest and Newran 1977), while
others have found slower, continuing conversion mechani snms  (Davi s
et. al. 1979). Sul fur dioxide-sulfate conversion (and sinilarly
nitrogen dioxide-nitrate conversion) is known to be dependent on
relative humdity and other factors, however, relationships are

not totally clear for these paraneters (Hershaft et. al. 1976).



Sul fur and nitrogen oxides my reach the ground through either
wet or dry deposition (Mendelsohn 1979). Dry deposition pro-
cesses tend to favor deposition of 802, while wet deposition is
nore conducive to sulfate formation (Altshuller 1980, MNaughton
and Scott 1980). Much of the dry deposition of SO2 tends to
occur within a few kilonmeters of the source (Mendelsohn 1979),
while wet deposition varies wdely depending on timng and fre-
quency of precipitation events. The parallel nechanisns for
nitrogen dioxide and nitrate deposition are not well known but
are probably simlar since they involve oxidation reactions
which are basically parallel to those of sulfur. Sonme study
has been conducted on acute effects of NO2 on plants (Bennett
et. al. 1975).

3. Pathways to Plants

The two principal atnospheric deposition processes act differ-

entially in the way they affect plants. Dry deposition of sul-

fur dioxide is well known to directly affect plant |[|eaves, caus-

ing lesions, spots or other damage (Jacobson and Hill 1970). Sul -
fur dioxide which is deposition on soil my adhere to soil particles
or later wundergo interactions to soluble forns. On the other hand,

sulfate which falls on leaves is generally washed off by subsequ-

ent precipitation, with the greater portion ultinmately reaching

the soil. Portions which remain can, however, still damage |eaf
structures (Evans, et. al. 1977). The sulfate radical, particularly
in its acidic forns, is highly soluable and can be easily absorbed

into plants through root wuptake of sulfate ions (Kumar and Singh
1979) .

On leaves, sulfur and nitrogen oxides are absorbed through open-
ings into the leaf tissue (stomata) and can be assinlated into
plant netabolism or the photosynthetic process through the action
of enzymes (Gerwich et. al. 1980). The nechanisms by which this



occurs nmay vary between different species. Corn, in particular
having a four-carbon <chain basis for photosynthesis and sugar
reduction (C4 nmetabolism carries out sulfur and nitrogen assinmi -
lation in two different parts of the leaf tissue (Gerwin et. al.
1980), whereas soybeans and other three-carbon (C3 nmet abol i sm

plants assinmilate both elenents in the sanme area.

In the soil, uptake of sulfur and nitrogen is selectively regu-
lated in nost plants. However, changes in soil concentrations
of these elenents may influence the selective ability of the

pl ant (Labeda and Al exander 1978) as well as changing the chemni-
cal processes occurring in the soil which are necessary to plant
growh and developnent (Labeda and Al exander 1978, Keuss 1975).
In the air or soil, relative humdity or soil npsiture has been
shown to affect the action of sulfur and nitrogen pollutants

in their wuptake by plants (A -Ithaui et. al. 1979, Md aughlin
and Taylor 1980, Heck et. al. 1975).

4, Effects on Plants

Sul fur and nitrogen oxides have well known and recognized effects
on plant tissues. Most early studies, however, focused on Vvis-
ible foliar injury. Such foliar injury is very inportant in |eaf
crops such as lettuce and tobacco (Thonmpson 1975), however, it

has been found that crop yield effects are often the best neasure
of damage (Davis 1972). Yield studies have been perfornmed for
such crops as wheat (Newrann 1979), cotton (Brewer and Ferry
1974), oat seedlings (Marchesani and Leone 1980), truck crops
(Thonpson 1975, Heck et. al. 1965), <corn (Thonpson 1975, Newrann
1979), and soybeans (Davis 1972, Tingey et. al. 1971, Hofstra
1977, Heagle et. al. 1974).

These crop vyield studies define relationships between total air

pollution doses and vyields or dose-effect functions (Hershaft
et. al. 1976).



Studies on a wde spectrum of agricultural crops have recently
been carried out as part of an ongoing cooperative program be-
tween the U.S. Environmental Protection Agency's Corvallis En-
vironmental Research Laboratory (CERL) and the Oregon State

Uni versity Agricul tural Experinment Station. These experinents
have tested over 40 crops in greenhouse and field conditions
under exposures to acid rain. The crops wused include corn and
soybeans, (Lee et. al. 1981, Cohen et. al. 1981).

From the above discussion it is apparent that there is a con-
siderable amount of literature pertaining to acidic pollution
effects on vegetation. In the following discussion, we wll,
however, focus only on corn and soybean studies which are rela-
vant to this report.

Effects of air pollutants or any chemcal species on plants nay
vary wdely due to differential plant response or environnental
condi tions. Corn and soybeans, for instance, are considerably
different in their needs for nitrogen and sulfur. However, the
results of studies on both crops show that wunder sonme conditions,
inmpacts of air pollution my be danped.

Soybeans are capable (due to synbiosis wth a mcro-organism con-
tained in the roots) to fix nitrogen into forns utilizable by plants.
Therefore, soybeans do not require nitrogen from the surrounding

envi ronment . Soybeans, however, produce oils and proteins, which
require, anong other elenents, significant anounts of sulfur. Sul -
fur in utilizable forns is, therefore, beneficial to soybeans (Kunar
and Singh 1979). This need for low levels of sulfur explain the

results of several studies which show little damage or actual enhance-

ment of soybean yields at low |evels of SO2 (Lee 1981, Heagle et. al.
1974, Muller et. al. 1979).

Corn apparently requires little or no extra sulfur but it does
require nitrogen from the soil, preferably in the form of soluble
nitrates. Thus there may be a balance phenonmenon depending on

the sulfate-nitrate ratio in acid rain and the total acidity and

10



buffering capacity of the soil (Reuss 1975). It has been shown
in recent studies that corn is affected detrinmentally by SO2
(Laurence 1979, Cohen et. al. 1981, Lee et. al. 1981, Thonpson
1975, Newmann 1979). Yield effects have ranged from a few
percent to nearly 10 percent (Lee and Neely 1980, Lee et. al.
1981, Newmann 1979). The nmechanisns for this damage could be
inhibition of soil nitrification (Labeda and Al exander 1978),

or direct effects on the plant itself (Newrann 1979).

11



1. METHODOLOGY

The nethodol ogy developed during this project is ained at pro-
ducing techniques for neasuring past relationships between air
quality and crop vyield in existing data. The techniques devel op-
ed are applicable both for cross-section and tinme series analy-
sis where sufficient data exists.

A. DEFI NI TIONS AND CRITERIA

Initially, project nethodology was set up to proceed through a
series of data gathering and analysis steps, testing various

methods for effectiveness and efficiency. The five major steps
wer e:

o site selection

o physical data collection
o crop data collection

o data analysis (by year)
o time series analysis

The purpose of our site selection criteria was to produce a site
having substanti al predictable variation in ©pollutant exposure
with as little confounding variation as possible. The resulting
criteria was to find a large renote polluter in a heavily agri-
cultural area. W therefore sought a sizeable source of acidic
sulfur and nitrogen conpounds. For the purposes of this study,
acidic pollutants are defined to be sulfur or nitrogen in the
forms of sulfur dioxide (802), ni trogen dioxide (NOZ)’ and sul -
fate (804—, HSOA') nol ecules or radicals which nmay be present in
acid rain or suspended in the atnosphere. The sources focused
on were power plants and snelters which emt these conpounds.

Physical data <collection involved contact wth appropriate agen-
cies to determne wnd speed, direction, rainfall, and other

12



rel evant nmet eor | ogi cal par aneters. Crop data collection was
carried out through nationally available conpilations and through
i ndi vidual, on-site interviews. Crop data was collected for
only major crops, along wth information pertaining to plant-
ing, fertilizing, harvest, and other factors.

Data analysis was carried out for the npbst recent crop year
(1980) and for those years in which national conpilations of
crop yield exist. Conparisons were then nade between various
years and correlated against air quality changes to produce
tine series data.

The netholological steps which are summarized above and explain-
ed in nore detail below are directed toward producing dose-
effect functions on relationships between air quality and crop
yi el d. The analysis is predicated on the assunption that
environnental fluctuations can be, to a large extent, factored
out and that the relationships which remain show causative
changes. These relationships are for chronic lowlevel air
pollutant levels which actually occur in the environment. By
focusing on crop yield, we have chosen to concentrate on bio-
economi ¢ indicators of effect as opposed to pure biologica
(i.e. photosynthesis change) or economic (i.e. crop nmarket-
ability) effects.

B. SITE SELECTION PRCCESS AND RESULT

The purpose of the site selection phase of this study was to
sel ect several candidate areas and then one specific site on
which to conduct a case study investigation. At that site,
attenpts were to be made to establish chronic dose-effect

rel ati onships between air quality and crop yield.

Studies of chronic effects are typically difficult due to large
natural variability of environmental conditions such as other

13



en sSsi ons sources. We, therefore, attenpted to select areas
which were relatively uniform in ternms of <climate and other
natural factors and in which the source selected for dose-
effect analysis was sonewhat domni nant. This latter condition

tended to preclude wurban areas.

The selection process involved two screening steps, the first
directed at identifying several <candidate areas for investiga-
tion. The second step was designed to select a particular

study site within the best candidate area.

Criteria for selection of the candidate areas focused prinar-
ily on crop distribution with secondary enphasis on air quality
factors. Since the purpose of our study is to define yield
effects which have economic inplications, we first identified
maj or economc crops in the US as sumarized in Table 11-1

W then conducted a literature search (see Section 1-B) to
identify crops known to be susceptible to acidic pollutants.

As discussed above, studies showed that for the mmjor econonic
crops, corn, soybeans, cotton and certain fruits and vegetables

were known to be susceptible (Davis 1972, Brewer and Ferry 1974,

Jacobsen and Hill 1970, Thonpson 1975 unpubl.). Tobacco is known
to be susceptible to ozone but not necessarily to sulfur pollu-
tion (Heck et. al. 1966). Studies have not been carried out for

wheat or hay, however, oat seedlings (Marchesani and Leone 1980)
and ryegrass (Bleasdale 1973) have proved susceptible to sulfur

di oxi de dammge.

Four criteria were developed which maximze the probability of

deriving nmeaningful dose-effect relationships as shown in Table

-2, Based on the above known crop sensitivities and the cri-
teria shown in Table I1-2, five candidate areas were defined
(Table 11-3). In two of the areas the mmjor crop (wheat) is

one which is not known to be susceptible to acidic pollutants.

14



TABLE I1-1. Maj or Economic Crops
(Source: U.S. Census of Agriculture 1974)

Crop Val ue Major States Acr eage
(mllions of (ml1lions)
dol | ars)

Corn 15, 000 I[l1inois 9.9
| owa 12.7
Wheat 7,000 Kansas 11.0
North Dakota 10.0
Mont ana 4.7
Soybeans 7,600 I11inois 8.3
| owa 6.9
M ssouri 4.1
Hay 5, 000 W sconsin 4.1
Sout h Dakota 4.3
M nni sot a 2.8
Cotton 2,300 Texas 4.5
California 1.1

Vegetables &

Mel ons 2,800 California 0.74
Or chards 2,800 California 1.
Fl ori da 0.

Tobacco 1, 800 North Carolina 0. 37

Kent ucky 0.18

South Carolina 0. 07

15



TABLE 11-2. Section Criteria for Candidate Case Study Areas
1. H gh crop density and value (mjor crop states)
2. Exi stence of crops of known or probable suscepti-
bility to acidic air pollutants
3. Rel atively 1ow background pollution Ievels
4, Absence of large, nearby urban centers
TABLE |I1-3. Sel ected Candidate Case Study Areas
St at e(s) Local e Crop(s)
| owa N/ A Corn, Soybeans
Texas N/ A Cotton
Mont ana Eastern Wheat
Washi ngt on Eastern Wheat
California Sacramento Vall ey Truck Crops,
Fruit Trees

16



Wiile use of a wheat area might make an interesting case study,
its use on a trial case study was not felt to be justified.
Because corn and soybeans are the npbst inportant crops grown

in the United States (see Table I1-1) and are known to be sus-
ceptible to air pollution, we chose those crops to study first.

Both lowa and Illinois are areas where these crops occur in
maj or quantities. I1linois was not selected due to the Ilarge
nunber of urban centers, (including St. Louis, M. Ilocated west

of the southern part of the state) leaving lowa as the prine candi-
date state for investigation.

Once lowa was established as a prine candidate for the first

case study, nore detailed data on air quality, neteorology

and land use was collected on regions wthin the state. Table 11-4
lists the criteria which were developed for selection of a specific
site within the candidate area. For lowa, we gathered pollutant

em ssion data on the mjor Air Quality Control Regions (Table 11-5)
and selected areas which had nmajor sources outside large urban

conpl exes (i.e. Quad-cities, Omaha-Council Bluffs, etc.).

The three potential site areas selected were AQCR s 065, 086 and
091. Utimtely, 065 and 091 were deened unacceptable because
they were downwind of the Anes and Des Mines urban centers. The
Sioux City AQCR (086) was therefore selected.

Once the AQCR was identified, source enission data was procured
from the Ilowa Departnent of Environnmental Quality. This data
revealed that the largest source in the area was the lowa Public
Service Power Plant, Port Neal Facility, in Sioux City. Thi s
point source <contributes alnost all of the sulfur pollution in
the AQCR The plant began operation in the late 1960's which
unfortunately precludes a before-after conparison of pristine
and polluted environnents. The enissions, however, have drana-
tically increased over tine due to the addition of new boilers
and increased electrical power production for the region. The

17



TABLE

I'1-4. Study Site Selection Criteria

Located in rural area
Rel atively low background of SO, and NGO

Existing large source of sulfur and nitrogen
pollutants (i.e. power plant)

Evaluation of statewide anbient air quality data

Exi stence of sufficient long-term anbient nonitor-
ing stations

Avail ability of adequate neteorological data
(usually requiring presence of an airport)

Emi ssions source old enough to provide several
years of <chronic level enissions, but which is
either new enough for before/after analysis, or
with emssions Ilevels which show dramatic changes
over tine.

Screen mmjor pollutant sources in rural area
against first seven «criteria

18



TABLE 11-5. lowa Air Quality Control Regions and Associated
Sul fur Di oxi de Em ssions

( Sour ce: Nati onal Enmissions Inventory 1973)

Sul f ur Di oxi de

AQCR Location Em ssi ons

(tons/yr.)
065* Burli ngton-Keokuk (S.E.) 22,000
068 Dubuque (E. Cent.) 8, 000
069 Qad Cities (E Cent.) 66, 000
085 Omaha- Counci | Bluffs (W Cent.) 6, 200
086* Sioux City (NW) 15, 700
087 Sioux Falls (S . W) 0
088 Nor t heast | owa 48, 000
089 North Central 2,500
090 Nort hwest 400
091* Sout heast 13, 000
093 Sout hwest 800
*Sites selected after initial screening

19



source was, therefore, found to be adequate for tine-series

anal ysi s.

The Sioux City Port Neal Power Plant was selected as the point

em ssion source for the case study. The plant is located 12
mles south-southeast of Sioux Cty as shown in Figure 1I1-1
The plant is a typical fossil fuel fired power plant, burn-

ing mainly coal

C PHYSI CAL DATA COLLECTI ON

Physical data collected included the categories of neteoro-

logical air quality and enissions data. As subsequent data
on crop variability was conpiled, it becane apparent that soi
types were also an inportant physical factor. These data were

collected on a county basis where available.

1. Soils
Information on Jlocal soils was collected from Soil Conservation
Service surveys of each county available. However, these were

available in less than half of the counties under study.

In general, data from the soil surveys was found to be only
peri pherally useful. It was not possible to use soil type

as a gquantitative nmeasure of wvariability for the regression

anal ysi s. Soil surveys are mapped in such great detail that
it was difficult to obtain an overview of conditions. However,
in some cases, general types of soil found in a particular

county helped explain certain patterns of <crop yield in a

qualitative manner (see Section [IIIl-A).

For sites east of the Mssissippi River, D. WIliam MFee

of Purdue University has inventoried soil types and related
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Figure 11-1. Power plant and vicinity.
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specific soil characteristics to buffering capacity against
acidic deposition (MFee 1980). He has «classified the
soils into broad categories on a statewide basis for nost
eastern states. These categories could be used as the
basis of a regression variable indicating soil sensitivity
to acidic air pollution (dry deposition) and acid rain.
Unfortunately, the state of Ilowa has not yet been included
in Dr. MFee's data base.

2. Met eor ol ogy

Met eorol ogical data for the Sioux City area was obtained
from the National Wather Service in Sioux City. The re-
cords indicate long term averages of wnd and precipitation

conditions on a nonth-by-nonth basis.

Data was collected on average w ndspeed, naximum w ndspeed,
wind direction, nonthly precipitation, cloud cover and ceil-
ing height. These data were extracted on a nonth-by-nonth
basis, and were wused as input to the neteorological nodel.

In the cases of wnd direction and speeds, nonthly data

were used to derive seasonal averages. This was justifiable
on the basis of data consistancy over each season. The neteor-
ological nodel itself is discussed further in Section II-E

3. Air Quality

Air quality nonitoring data for the area wthin 100 niles of
the power plant is collected by both federal and state agencies.
The U.S. Environnmental Protection Agency nmaintains the National

Anbient Ar Quality Sanpling Network. The site vicinity falls

into EPA Region VII (lowa, Nebraska), Region Il (M nnesota)
and Region WVIII (South Dakota). W collected anbient sulfur
dioxide data for all stations within the 100 nile radius.
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Nitrogen dioxide and sulfate data were found to be non-existent
or to wuse neasurenent nethods not approved as reference nethods
by EPA and so were not used for analysis.

In addition to the Federal Network, each state maintains air
quality stations. These are generally in different |locations than
f eder al nonitors, but have similar geographic distribution. Air
quality data were supplied by the Ilowa Departrment of Environnental
Quality, the Nebraska Department of Environnental Control, and

the State Departnent of Health in South Dakota. The federal net-
work was deened sufficient in Mnnesota since only a few counties
at the fringe of the study area were involved, and since those
counties do not lie in any direct wind path to or from the site.

3. Plant History and Enissions

The lowa Public Power, Port Neal Facility Plant, has been on line
since 1964. It began operations wth one coal-fired boiler. Sub-
sequent boilers were added in 1972 (No. 2), 1975 (No. 3) and 1979
(No. 4). Wth the additions of boilers, have conme changes in
overall production and emissions of sulfur dioxide and other pol-
| ut ants.

Data from the Port Neal Power Plant was supplied both by the

lowa Department of Environnental Quality and by the plant nanage-
nent . Emi ssions data was obtained for the years 1969, 1972, 1973,
1974, 1978 and 1980.

In sone cases, it was necessary to derive total sulfur dioxide

em ssions from data on sulfur content of fuel. In such cases,

we followed the procedure of the lowa Departrment of Environnental
Quality by assumng that sulfur in the fuel was burned and oxidized
conpl etely. Emi ssions were then calculated on a gnisec basis
(average emission rate) by wusing information on fuel wused and

nunber of operating hours.
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D. CROP DATA COLLECTI ON

Data on crops was collected for corn and soybeans, the two
maj or economic crops in the Sioux City area which are known
to be potentially affected by air pollution. Total ~crop
yield per acre of each species was used as the dependent

data paraneter. In addition, information on natural var-
iables and crop nmanagenent techniques was <collected to be
used as independent variables in the nmulti-variate regression

anal yses.

Initially, tw forms of crop data collection were enployed.
Part of the purpose of this project was to test the efficiency
of data collection and reliability and usefulness of each

form of data. The two types were: 1) unconpiled data on
individual farms and 2) conpiled data aggregated on a county
basi s. Each type is discussed below along wth advantages

and di sadvant ages.

1. I ndi vi dual Farm Data
Pr ocedur e: Early in the project, inportant variables associated
with crop vyield variation were identified. Prior to commencing

on-site data collection, these factors were fornulated into a
gquestionnaire. The questionnaire was to be used as a standard
basis for interviews of individual farns. The questions were
directed toward nmeasurenents that farns would remenber or have
easily available in records. The focus of the questions was on
factor inputs and production techniques which mght vary accross

farms and introduce wundesired variations in yield across farns.
The questionnaire form used is shown as Table 11I-6. Far ners

were asked to supply information only for the previous grow ng

season, since contacts wth local county extension agents indi-
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Table I1-6. Crop

Pr oducti on

Questionnaire

Farm Location: County State
Addr ess:
Map Coordi nat es:
Farm Size (acres)
Maj or  Crops: ,
Is corn grown? For grain? Ot her ?
Are soybeans grown? For Beans? Ot her ?
VWhat was corn (for grain or all purposes) yield for 19807
Tot al Acr es Yi el d/ acre
Variety planted?
VWhat was soybean yield for 19807
Tot al Acr es Yi el d/ acre
Variety planted?
Corn: | bs/acre (wet)
Was fertilizer used? Acr es | bs/acre (dry)
M xture Extra sul fur
Were herbicides used? Acr es | bs/ acre
Total spent?
Were insecticides wused? Acr es | bs/ acre
Tot al spent ?
Was |inme used? Acr es | bs/ acre
Soybeans: | bs/acre (wet)
Was fertilizer used? Acr es | bs/acre (dry)
M xture Extra sulfur
Were herbicides used? Acr es | bs/ acre
Total spent?
Were insecticides wused? Acres | bs/ acre
Total spent?
Was |ine used? Acr es | bs/ acre
Was irrigation wused? Corn Acr es
Soybeans Acres
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Table |1-6. (conti nued)
Were any crop rotation techniques used?
Corn
Soybeans
Total nman/days required to plant, plow or nmmintain crops?
Corn
Soybeans
Total man/days required to harvest crop?
Corn
Soybeans
Were any special planting or harvesting techniques used?
Corn
Soybeans
Machinery used specifically for:
Corn Repl acenment Val ue
Soybeans Repl acenment Val ue
Both crops Repl acement Val ue
Do you think your crops are being affected by air pollution?
Data was in: written, ver bal form
Dat e:
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cated that nost farmers were unlikely to keep nore than sporadic
records for past years. The questionnaire was not admnistered
on a wdespread basis through nmmil distribution because such
efforts wusually have a |ow percentage success ratio (Canning

and Shea 1979).

The questionnaire was used on counties which were picked along
transects east, north and northwest of the Sioux City Power
Plant Site. The transects were chosen in order to obtain
sanples which were honbgeneous except for their exposure to
pollutants from the power plant. The counties used were

Cal houn, lda, Plymouth and Wodbury in Ilowa; Bon Honme, M nne-

haha, Union and Yankton in South Dakota; and Dakota County,
Nebr aska.

Candidate farns were identified wthin each county through
checking records of the County Extension Service. Once nanes,
addresses and tel ephone nunbers were obtained, a phone cal

was usually nmade to determne the farmers acquiescence to an

i nterview. The interviewer then proceeded to several farns
within the county at which response was favorable and carried
out the interview based on guidance from the questionnaire.

In sonme cases, it was necessary to nmodify certain questions

in order to insure applicability to local conditions.

The length of the interview time was generally thirty mnutes
to an hour, however, with driving tine and advance phone calls,
a maximum of 4-5 farnms in one county per day could be visited.
For this reason, only 4-5 farnms per county were used during the
initial data collection period which was considered a trial

run. The purpose of the trial run was to deternmine the feasi-
bility of collecting a statistically wvalid nunber of sanpling

points and the relative value of individual farm data.
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Survey Techniques and Data Problens: For the individual farm

interviews, questions were developed which were intended to
solicit weasily renenbered information which could be used as
indicators of vyield or related confounding variabl es. These
variables represent differences in plant growh environment
such as fertilizer, i nsecti ci des, or other factors. Duri ng
actual collection of the data, we found that certain para-
neters are either too broad or too variable to be useful

O hers were found to be very mnor or to be not accurately

report ed.
Dry fertilizer and linme were found to be wuseful variables
which tested as being significant in sone cases. Wet  ferti-

lizer, however, was found to be mnor in npbst cases or to be
lunped with dry fertilizer and not reported separately. Her bi -
cides and insecticides were only partially wuseful variables
due to inaccurate reporting. W initially explored potential
effect of <crop variety wupon yield, however, there proved to
be too many varieties to make this a successful approach
There are several hundred varieties of <corn and farners do
not keep careful records of how nuch of each variety is planted

in their fields.

Questions pertaining to labor and farm capital were attenpted
but these proved unsuccessful. Farm | abor was found to be
very casually reported and no records are kept of the anount
of effort which goes into planting or nmaintaining each field.
On nost farnms even the nunber of |aborers during the previous

year was uncertain. Questions on valuation of farm nmachinery

suffered many of the sanme problens. There were nany types of
machi nery. I ndices of capital such as the value of the mach-
inery was difficult to obtain. Even value of these differed

in reporting, sone wusing purchase price, others present worth,
and still others replacenent values. Cost of such items as

fertilizer was also found to be non-quantifiable in any uni-
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form nmanner. It is, of course, possible or even probable
that machinery, | abor techniques and related variables are

quite simlar, at least for farns in a local area.

The entire survey technique of individual farnms was found to

have certain intrinsic problens. Menories were sonewhat vague,
even on the previous year's events. Gven the wvoluntary nature
of the survey, it was difficult to get farmers to take the

time to refer to their records. Further, nost farners did not
believe air pollution was a problem for them and so they ques-
tioned the purpose of the survey. Not only were many of the
farm input questions unsuccessful, even the neasurenent of

yield per acre is suspect. The average yield in the survey

is about one half of the reported yields for the sanme county
from state records.

Farmers did not respond well to an interviewer from outside
the local area. A local person, knowing both Ilocal concerns
and farmng techniques would probably be a nore efficient

i ntervi ewer. Even with a local person, however, the problens

of time inefficiency and general vagueness of the data would
remain.

2. Aggregated County-W de Data

Pr ocedur e: The second data collection nethod was use of the

US. Census of Agriculture which is published on a state-by-
state basis and contains county specific aggregated data from

all farns which respond to a questionnaire. The Census of
Agriculture is carried out every 4-5 years. We used the Census
of Agriculture for 1969, 1974, and 1978 (only portions published)

in order to correlate base year crop yields with varying anounts
of emssions from the Port Neal facility in a time series
anal ysi s.

Crop yield data was derived from county by county listings of

29



soybean yield and corn (for grain) yield in bushels/acre for
all farms with inconmes over $2500. The size restriction was
made in order to help standardize and elinmnate sonme of the
effects which might result from differing crop nanagenent
techniques available to large or small farns.

Dependent and independent variables taken from the Census of
Agriculture data were simlar to those in the questionnaire
(see previous subsection). Those paranmeters wused from the
Census are shown in Table I1-7.

The Census provides data which is highly standardized during
any given year, however, several drawbacks to use of the data
were noted. First, data are not always reported in a wuniform
manner for all crops. This creates difficulties in designing
variables which could be wuseful for conparing differential
effects anong different species. Secondly, each succeeding
census changes questions asked and data reported. This is
particularly true for the 1978 Census in which we could not
obtain several variables which were valuable in explaining sone
aspects of «crop vyield variation.

Survey Techniques and Data Problens: Census of Agriculture

data was gathered for farms producing at I|east 2500 dollars
worth of farm output. Farnms which produce less than this
amount are not «clearly comrercial ventures and may use ineffi-
cent production nethods. These small farnms were elinmnated in
order to neke the sample nore honpgeneous. Furt her, smal |
farms only produce about two percent of each state's annua

crop. The format of recorded information contained in the
1978 Census of Agriculture varied from the 1969 and 1974 pub-
lished data in four categories of interest. These included
comer ci al fertilizer, lime, insecticides, and herbicides used
on crops.
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Parameters From Field Data and U S. Census of Agriculture
Par amet er Units Comment s
& Soybeans yield for each farm total bushels
total acres
bushel s/ acre
fertilizer for each total acres have nane
farm | bs/acre (wet) brand
| bs/acre (dry)
herbicides for each total acres have nane
farm | bs/acre (gas brand
or dry)
pts./acre (wet)
i nsecticides for total acres have nane
each farm | bs/ acre brand
lime for each total acres
farm | bs/ acre
plant, plow, main- man/ days
tain and harvest
crop for each farm
Corn for grain yield for county* total bushels
Soybeans for beans total acres
bushel s/ acre
Corn for all pur- total dry tons for 1969 and
poses used 1974 only
Soybeans for beans total wet tons 1974 also had
used tons/acre
On all crops insecticide* total acres 1978 data
(except hwy.) used on i ncl udes hwy.
For weeds or her bi ci de* total acres 1978 data also
grass used on i ncluded brush
on crops or
pasture
For all crops i me* tons/ acre 1978 data does
not give tons/
acre but total
farms using and
total acres used
on

*farme with sales of 2500 and over
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The 1969 and 1974 Census of Agriculture recorded each category

as follows: commercial fertilizer applied (total dry tons and
total wet tons for corn and soybeans individually), Ilime (total
tons applied to total acres of farmand), insecticides used

(total acres of crops except hay-receiving insecticides), and
herbicides (total acres of «crops receiving herbicides for
weeds or grass). The 1978 Census of Agriculture varied the
recording of data for each of the categories as described in
the follow ng: conmercial fertilizer (nunber of farns and

the total acres receiving application of fertilizer for corn

and soybeans individually), lime (total farms wusing linme and
total acres of farmland receiving line), insecticides (total
acres of «crops, including hay-receiving insecticides), her bi -

cides (total acres of <crops receiving herbicides for weeds,
grass or brush on crops and pasture).

Due to these changes, it was not possible to separate wet and
dry fertilizer for 1978, nor are 1975 values for insecticides
or herbicides strictly conpatible wth wvalues from previous
years. For lime, all information on actual quantity has been
deleted from the 1978 data. Due to these variations, tine
conmpari sons between the data sets nust be wundertaken wth care,
and many of the effects of confounding variables nust be neg-

| ect ed. Further, nmany counties did not report corn or soybean
yields in 1978 for fear of disclosing private information
Combined with the fact that only lowa has conmpiled the 1978
data at this time, the 1978 sanple is woefully inconplete.
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E. ATMOSPHERE DI SPERSI ON  MODEL

In order to compute the effect of acid rain and sulfur dioxide

on various acres of cropland, it is necessary to get nmneasures

of anbient concentrations at each |ocation. In principle, one
could sinply establish a matrix of pollution sanpling stations
across the area of study. The advantage of +the sanpling sta-
tion approach 1is accuracy. Wth anbient neasures, one no

|l onger needs either enission data or atnmospheric dispersion
nodels which are both subject to Ilarge neasurenment error. The
di sadvantage of sanpling stations is their cost (a single
station may cost as nmuch as this entire study).

An adequate netowk of sanpling stations would cost between 10
and 25 times the cost of this entire study. Al though there is
no question that sanpling stations provide nore accurate infor-
mation, there is reasonable doubt whether the additional accur-
acy is worth the resource cost.

In any case, the approach followed in this study is to use
em ssion data conbined wth an atnospheric dispersion nodel

The enmission data, as discussed in Section C, was collected for

a single power plant. Because this power plant is the sole pro-
ducer of sulfur dioxide within a forty mle radius, it alone was
used to predict anbient concentrations. Predicted downwind |evels
are within the range of nonitored values, however, it is difficult

to correlate actual effects of the plant due to the relatively
small size of the source and the sparsity of downw nd nonitors.

In other case studies where there are multiple sources of pollu-

tion, it would be necessary to plot dispersion patterns from each

A nodified Gaussian plune nodel was wused to predict atnospheric

di spersi on. The advantages of this nodel are its sinplicity,

the availability of the required neteorological data, and the
known estimates of parameters of the nodel. The di sadvant ages
of the nodel include its limted range of accuracy (within 100
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kilometers), its inability to predict daily fluctuations in
concentrations, and its inability to adjust to Ilocal terrain.
In this particular application to the area surrounding Sioux
City, the limtations of the nodel are not serious. Accur at e
neasures of concentrations beyond 100 Kkiloneters were not as
important as the fact that these <concentrations are relatively

| ow. Daily fluctuations in concentrations are not considered

nearly as inportant as the average seasonal concentrati on. The
local terrain is particularly flat: a form conpatible with the
nodel . In this particular acid rain study, the Gaussian plune
nodel should perform alnpbst as well as any other dispersion

nodel available (and at a fraction of the cost).

The dispersion nobdel wused in this study was first developed by
Pasqui | | (1961), Turner (1961), Gfford (1976) and Briggs (1974).
It was nodifield to include dry and wet deposition as well as

sone elenmentary chenical transformati ons (see Mendel sohn (1979).

The plune emanating from the stack is assunmed to travel in one
of sixteen possible directions. Gven the height of em ssions,
the plune disperses both horizontally and vertically according

to the following equation:

3

X (x,8 ) = 2 (8,8) F, (x) Y, [0/ (s)]
2w o, (s) u (2mx/(16)

where X is the concentration at a point, x distance, and o
direction, Q is the rate of emssions, P(6,s) is the probab-

ility of weather blowing in the 8 direction of type s, Ft is

the transformation and deposition function, o, (s) is the verti-
cal dispersion coefficient, u is the wind speed, and H is the

effective height of em ssions.

The transformation and deposition function F is composed of

t’

w® dry deposition, f and

three parts: wet deposition, f a’

chem cal change,fc.The formula for Ft is:
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- - - + f.+f . f 4+ zf £ o
Ft (xX) = exp( Zfd ch wa wa d d ¢ W wafdfc)

The wet deposition, fw, of a pollutant depends upon the pre-
cipitation rate, collection efficiency, and drop size

Assum
ing an average drop size of 2mm and taking the average annual
rainfall, wet deposition rates Wi should be about .005. The

fraction of material renmoved by wet deposition by a certain
di stance is:

fw (X) = .005 * x/N * .80

For nore details, see Mendelsohn (1979). Wet deposition rates

are assumed to be proportional to acid rain.

Dry deposition and chenmical change from sulfur dioxide to

sulfate are also nodelled. Dry deposition is assuned to be
relatively small since the land is in agricultural use [see
Gudi cksen  (1975)]. Chemical transformation is assuned to occur
at the rate of 5 percent per hour. Thus, dry deposition and

chemical <change are included in the dispersion nodelling

although in a crude manner [see Mendelsohn (1979)].
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F. MULTI PLE REGRESSI ON ANALYSI S

In a natural experinment, nmany factors vary across treatnent
groups in addition to the desired treatnent variable. 1In
order to discover the independent effect of the treatnent
variable (air pollution) it is necessary to renpve the influ-

ences of the wundesired wvariations (such as in fertilizer

pesti ci des, irrigation, etc.). To the extent that one can
nodel the effects of +these other wvariables, it 1is possible
to cleanse the response variable of their influence. One

tool which is wuseful for this purpose is nmultiple regression
anal ysi s. The dependent variable in this analysis is crop
yield per acre. The independent variables include the de-
sired treatnment variable (anmbient pollution levels) as well
as undesired effects such as fertilizer, farm size, etc. |If
the functional form of the regression is correct and all the
undesired influences are included, one can get a perfect
neasure of the effect of air pollution on crop vyield.

In practice, it is difficult to ascertain the exact functiona

form of the regression equation. Thus, one nmay enter a var-
iable in a linear form but it nay have nonlinear effects on
crop yields. To the extent that the functional form is incor-

rect, one does not actually control for the wundesired varia-

tion. This will result at best in loss of accuracy and at
worst in both wuncertainty and bias. As a first approximation
a linear regression form was wused in this analysis. Ot her
forms were then conpared to the linear in order to test for

strong nonlinearities.

A second difficulty in practice is including all the true
i ndependent vari abl es. Unfortunately, there are countless
factors which affect the crop yield on any given acre. There

is the variable of interest, pollution, the genetic nmakeup
of the crop, the soil, the mcro weather pattern and the ferti-
lizer, pesticides, and herbicides applied to that particular
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acre. It is extrenmely expensive to obtain accurate neasures
of each of these variables. Some of these factors, such as
the mcro weather and genetics, were not included in the

regression. QG her variables are included (soil, fertilizer,
etc.) but nmay be poorly nmeasured. The effect of these partial
or full omissions is surely to lower the accuracy of the

remai ning coefficients. Hopeful |y, none of these omtted
variables are consistently correlated wth the treatnent
variable pollution. Thus, the estinmated dose/response curves
will be wuncertain but hopefully wll not be biased.

In the following study, we perform analyses both across

space and across tine. The source of pollution in this
sanmple increased dramatically in the md seventies. By com
paring the effects before the increase wth those after,

it will be possible to obtain a crude neasure of the dose/
response curve. A second neasure of the dose/response

curve is obtained by conparing farns which have high pollu-
tion (close to the source) wth others which have |low levels

of pollution (far from the source). In principle, either
compari son should yield the sane result. However, with

omtted variables and incorrect specifications, it is pos-

sible that the neasured responses are different. This conbi na-

tion of <cross-section and tine series analysis thus provides
a robust check on the nultiple regression procedures since

it is wunlikely that the tinme series errors would mmc the
cross-sectional m stakes. O course, if the regression coef-
ficients do vary between techniques, this does not invalidate

the results, it merely indicates how uncertain the results
really are.
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I11. ANALYSIS AND RESULTS
A CONDI TIONS AT CASE STUDY SITE
The discussion below covers conditions of the environnment
within a 100-mile radius of the lowa Public Power Sioux City-
Port Neal Power Plant. The area enconpasses 85 counties (Fig-

ure 111-1) located in Ilowa, Nebraska, South Dakota and M nnesota.

1. Met eor ol ogy

The area around Sioux City, lowa, experiences a tenperate clim
ate with well defined seasons. Wnter nean tenperatures are
typically below freezing during January and February, often wth
5-15 inches of snowfall per nonth. Mean annual rainfall is
roughly 26 inches, with nost of the rain falling during the

growi ng season. The nonths of April through Septenber average
nore than two inches per nonth, peaking in June at 4.07 inches.
Rel ative humidity varies between 62 and 82 percent depending on
the season and the hour of the day. Percentage of cloudy days
is less than 15 percent throughout the vyear.

Wnds are highly seasonal. Mean nmonthly w ndspeeds vary only
between 9.0 and 13.3 miles per hour wth the higher w ndspeeds
during spring months and low speeds in late sumer and early
fall. However, w nds often gust to nmuch higher speeds and dir-
ections change dramatically depending on the tinme of vyear.

Fastest wi ndspeeds on a nonthly basis range from 28 nph in Aug-
ust and Septenber (1979 data) to 52 nph in May. During past

years, storm wi nds during May have been clocked at 80 nph in
Sioux City.

Prevailing wind direction is generally from the northwest during
the fall and the wi nter nonths. During April prevailing w nds
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shift to the north-northwest, however, the direction reverses
during May and the renainder of the sumer, becomi ng south-

sout heast or occasionally south wuntil the end of Septenber.

This is due to stable high pressure systenms east of Sioux City
during the sunmer nonths. The general windflow during the grow
ing season is from the south-southeast.

2. Anbient Air Quality and Em ssions

Anbient air quality in the Sioux Cty area is generally good to

excel |l ent. Background |evels of S0, pollution are less than 10
ug/m3 as conpared to the national standard (annual nmean) of 80
ug/m . This applies to Sioux City and the surrounding rural

ar eas. Background levels are shown in Figure 111-2, Level s

of nitrogen dioxide are also low typically less than 30 ug/m3
as conmpared to the 100 ug/m3 st andard. Levels of pollution are
sonewhat higher in parts of the QOmha, Nebraska- Counci l Bl uf f,
lowa area which is located nearly 100 niles south of Sioux City
in Douglas and Pottawattami e Counti es. Here, sone nonitors have
recorded 15 ug/m3 S0, which is higher than Sioux Cty, but still
well below the national standard. Wnds during the growing sea-

son probably carry this pollution northward toward Sioux City,
however, nost SO2 deposition can be expected to occur before
reaching the Sioux City area.

The U.S. Environmental Protection Agency has prepared prelimnary
maps of acid rainfall levels throughout the United States. Dur -
ing 1979, the Sioux City area coincided with the line for pH 5.0
or slightly nore acidic than the normal 5.6 for rainfall. Ar eas
to the east are nore acidic and areas to the west nore neutral.

The lowa Public Power Port Neal Plant is the largest single SO2

em ssion source in or near Sioux City. It is located roughly 12
nmles southeast of the city center. Enm ssions have varied over
the years, but have generally risen wth tine. The plant origin-
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ally went on line in 1964 with one boiler (Hardie, letter of
July 22, 1981). Boiler No. 2 was added in 1972 (Hardie, letter
of July 22, 1981). Boilers No. 3 and No. 4 were added in 1975
and 1979 respectively (Hardie, letter of July 22, 1981). The
increase in boilers has been acconpanied by a general increase

in production at the plant, although fluctuations occur in sone

years, typically ranging between 0.5 and 3.0 percent. Aver age
sulfur enissions for the power plant are shown in Figure I11-3
for certain years from 1969 to 1980. The SO2 em ssions cal cul ated

i ndicate average emissions/second over a conplete year and are

not adjusted for plant operating hours.

3. Land and Agricultural Conditions

Topographically the area surrounding Sioux City, lowa, lies on

a broad plateau of low rolling hills, dissected by the Mssouri
and Big Sioux River Valleys. El evation ranges generally between
1000 and 1800 feet above nmean sea level, with gradually rising
elevations to the west in Nebraska, and lower elevations in the
river valleys. El evational differences are small enough that

conplex terrain dispersion nodels are not necessary or appropriate.

Soils in the 100-nile radius around Sioux City are highly variable
in soil series, type and texture (SCS 1964, 1976a, 1976b). Most
soils, however, are high in nutrients, with bottom land soils in
the river valleys being particularly rich due to organic silts.

In general, soils are slightly low in sulfur (Tabatabai, 1976 and
per sonal conmuni cation 1981). Variations in soil and soil nut-
rients are inportant contributors to agricultural productivity,
however, there is a lack of wuniform soil classification in the

ar ea. Due to this lack, it was not possible to use soil type as

a regression variable.

Crop productivity varies by county and by year. Yearly variation
is probably governed by precipitation and other neteorological
factors. Crop yield for corn and soybeans are shown in Figures
[11-4 and 111-5 while those for 1974 appear in Figures 111-6
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and I11-7. Data for 1978 is shown only for lowa since census
results for Nebraska, South Dakota and M nnesota have not yet

been publi shed. This is shown in Figures 111-8 and 111-9.

Trends in normal yield variation can be observed from the map.

Nebraska and South Dakota generally have Ilower yields than

lowa, With the exception of counties along the rivers. Al so,
1974 vyields were considerably less than those in 1969, probably
due to low rainfall conditions. Excluding air pollution, soil
conditions and rainfall variation are probably the two nost

i mportant factors for yield wvariation.
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